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  The concept of a minimum spanning tree (MST) is used to study the process of 
comovements for 21 European Union stock market indices. We show how the asset tree 
and its related hierarchical tree evolve over time and describe the dynamics. Over the 
period studied, 1999-2006, the French equity market provides the main linkages in the 
system. The 2004 Accession states are more loosely connected to the other markets; they 
form two groupings, with the Czech Republic, Hungary, and Poland having tighter links 
to the main markets than the remaining accession markets. The consequence for global 
investors is a potential reduction of the benefits of international portfolio diversification 
in European markets, with the possible exception of those markets at the outer limits of 
the MST.  
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The foundation stone of the present European political and economic structure is 
generally taken as being the Treaty of Rome in 1957, the preamble to which states that 
the signatory States were “determined to lay the foundations of an ever closer union 
among the peoples of Europe. This political process has operated in tandem with efforts 
to  increase  economic  integration.  This  process  of  closer  economic  and  financial 
cooperation has led to increasing levels of financial market integration as documented in 
an extensive literature, which has been summarized in several places (e.g., Adam et al, 
2002; Baele et al, 2004. The evolution of the European Union (EU) over the last decade 
has been marked by such major events as the establishment of the European Monetary 
Union (EMU), with the introduction of the euro as the single currency for twelve of the   3 
EU member states, and an expansion of EU membership in 2004 to include ten new 
countries,  primarily  Central  and  Eastern  European  (CEE)  states.  An  additional  two 
countries, Romania and Bulgaria, joined the EU at the start of 2007. The effects of these 
developments in financial markets are of great importance not only to policymakers but 
also  to  investors,  because  of  their  potential  to  affect  international  asset  allocation 
decisions and diversification benefits. Several effects of increasing integration of equity 
markets  have  been  noted  (Pagano,  1993,  Kearney  and  Lucey,  2004).  First,  the 
attractiveness  of  international  portfolio  diversification  will  weaken  as  returns  are 
equalized across countries. Second, completion of capital markets (from the increased 
operation of the law of one price) will result in more robust economies. Third, there is a 
likely theoretical change in household savings rates, but the direction of this change is not 
clear. 
The present research addresses the question of possible effects on the benefits of 
international portfolio diversification across EU equity markets of both “old” and “new,” 
accession members during the 1999-2006 period. We use a method introduced into the 
physics  literature  by  Mantegna  (1999),  known  as  Minimum  Spanning  Tree  (MST) 
analysis, to examine the extent and evolution of comovements between these EU equity 
markets. Based on graphing theory, MST analysis provides a parsimonious representation 
of the network of correlations between markets and is particularly suitable for extracting 
the most important information concerning linkages when a large number of markets are 
under  examination.  A  dynamic  application  allows  us  to  identify  the  evolution  of  the 
patterns of the most important connections between EU equity markets and to examine a 
number of questions concerning their interrelationships. In particular, we ask : which are   4 
the  most  central,  or  “core”  EU  equity  markets?  Have  equity  market  comovements 
increased  substantially  in  the  context  of  closer harmonization  of  economic  and  fiscal 
policies  associated  with  the  creation  of  the  EMU?  What  patterns  of  linkages  can  be 
observed  for  the  accession  members’  equity  markets?  Our  results  indicate  increased 
equity  comovements,  identify  France  rather  than  Germany  as  the  core  market,  and 
describe a distinct pattern of linkages of the new members’ equity markets with the old. 
  The paper is organized as follows. Section 2 provides a literature review of the 
MST methodology, which is discussed in Section 3. The data are described in Section 4. 
Results are presented in Section 5 and the conclusions in Section 6. 
 
2. Literature Review 
 
  Minimum  spanning  tree  analysis  has  been  previously  applied  to  analyze  the 
clustering  behavior  of  individual  stocks  within  a  single  country,  usually  the  U.S. 
(Bonanno et al, 2001; Vandewalle et al. 2001; Bonanno et al., 2003; Bonanno et al. 
2004). These studies typically find a strong correspondence between business sector and 
tree  structure,  illustrating  the  ability  of  the  MST  methodology  to  convey  meaningful 
economic  information.  While  these  are  static  analyses,  a  variety  of  dynamic  MST 
analyses of the time-varying behavior of stocks has also been developed in Onnela et al., 
2002, Onnela et al., 2003a, 2003b, 2003c, Micciche et all 2003, and Coelho et al, 2007. 
MST analysis has also been applied to the foreign exchange markets as a means to trace 
the dynamics of relationships between currencies (McDonald et al., 2005). 
To date only two studies have been published  applying the MST approach to 
groups of national equity markets. Bonanno et al, 2000 uses a simple dynamic analysis 
based on partially overlapping windows of indices for 20 countries for the years 1988-  5 
1996 to find that markets group according to a geographical principal, as is also the case 
for a static examination of 51 world indices for the years 1996-1999 in the same study. 
Coelho et al 2007. applies dynamic MST methods to an examination of the time-varying 
behavior of a group of 53 developed, emerging, and developing countries over the years 
1997-2006. In addition to confirming the earlier evidence of a geographical organizing 
principle this research finds a tendency of the MST toward a higher density over time, 




  As proposed by Mantegna, 1999, linkages between stock returns can be examined 
by applying a simple transformation of the elements of the correlation matrix of returns 
into distances. A connected graph can be constructed in which the “nodes” correspond to 
elements of interest (here, the returns on stock indices) and the “distances,” or “edges,” 
between  them  are  obtained  from  the  appropriate  transformation  of  the  correlation 
coefficients. A minimum spanning tree is generated from the graph by selecting the most 
important correlations between the elements. A MST reduces the information space from 
N(N-1)/2  separate  correlation  coefficients  to  (N-1)  linkages,  known  as  tree  “edges,” 
while preserving the salient features of the system.   
Specifically, in this study we calculate the correlation matrix of returns of EU 
member  equity  market  indices  and  convert  the  correlations  ri,j  to  a  distance  metric 
between each pair of stock indices as follows: 
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   6 
This forms an NxN distance matrix D. The distances di,j vary from 0 to 2, corresponding 
to correlation values, which run from –1 to +1. High correlations correspond to small 
values of di,j. This distance matrix is then used to construct the MST. 
  The MST is built up by linking all the N elements of the set together in a graph 
characterized by a minimal distance between elements. Begin with the pair of elements 
that display the shortest distance (highest correlation). Next, the second-smallest distance 
is identified and added to the MST. Successive distances are added, with the condition 
that no closed loops are created. The MST is thus a simply connected graph that connects 
all N nodes of the graph with N-1 edges such that the sum of all edge weights is a 
minimum. A static picture of index linkages can be obtained from including the entire 
data set in a single MST.  
  In  addition  to  the  MST  it  is  useful  to  construct  a  hierarchical  tree  to  further 
explore the relationships between the markets. The MST provides the information needed 
for the calculation of the subdominant ultrametric distance matrix D
<, which is used to 
construct the hierarchical tree. The D
< matrix is obtained by defining the distance d
<
ij 
between i and j as the maximum of any Euclidean distance dkl determined by moving in 
single steps from i to j through the shortest path connecting i and j in the MST. A fuller 
technical  discussion  is  contained  in  Mantegna,  1999.  A  hierarchical  tree  ranks  the 
linkages between elements via the subdominant ultrametric distance, beginning with the 
pair exhibiting the shortest distance measure. Successive elements are added to the core 
of this tree in order of increasing distances. Thus, the last element (stock market) added 
to the hierarchical tree are those with the most distant linkages to the “core” element 
(stock market).   7 
Several additional tools can be used to further explore the dynamics of the system 
of EU equity markets. The first two moments of the mean correlations ri,j and of the 
distances di,j can be presented in rolling-window graphs. The mean correlation coefficient 
is: 
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and its variance is given as 
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As defined in Onnela et al. 2003b, the moments of the distances di,j in the MST can 
similarly be calculated over time in terms of the normalized tree length 
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where N – 1 is the number of edges in the MST. The variance of the normalized tree 
length is 
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4. Data 
We analyze the returns on 21 EU countries’ equity markets for the period January 
1,  1999,  through  December  31,  2006.  The  data  consist  of  Morgan  Stanley  Capital   8 
International  (MSCI)  daily  closing  price  indices  for  14  “older”  members  of  the  EU, 
excluding Luxembourg. These 14 members include not only eleven members of the EMU 
but also Denmark, Sweden, and the United Kingdom. Seven of the 2004 “accession” 
countries, based on data availability and quality, are also included in the analysis. These 
countries  are:  Cyprus,  the  Czech  Republic,  Estonia,  Hungary,  Latvia,  Poland,  and 
Slovenia;  the  data  are  from  HSBC  Bank.  All  data  are  sourced  from  DataStream, 
Thomson  Financial.  Although  all  of  the  accession  countries  are  obligated  to  join  the 
EMU, only Slovenia has so to date adopted the euro, as of January 1, 2007. Estonia and 
Latvia have joined ERMII, a precursor to EMU membership. All series are expressed in 
US  dollars,  reflecting  the  position  of  a  fully  hedged  investor  outside  the  area  under 
investigation. One issue that needs to be addressed is the nonsynchronous nature of the 
data.  Recent  research  suggests  that  the  use  of  daily  data  may  lead  to  significant 
underestimation  of  equity  market  integration  (Schotman  and  Zalewska,  2004).  As  a 
consequence, the daily index level data were converted to weekly (Wednesday) returns: 
Ri,t = ln(Pi,t/Pi,t-1), where Pi,t, is the closing price of index i at time t. We examine thus a 
total of 416 observations per series. The reliance for the most part on  MSCI indices 
allows for confidence in the findings, as these indices are designed explicitly to allow for 
cross-market  consideration  of  returns  by  investors.  By  contrast,  studies  that  rely  on 
indices  from  the  individual  equity  markets  run  the  risk  of  non-comparability  due  to 




  A number of observations about the linkages between the EU equity markets can 
be made from examination of the MSTs and their hierarchical trees. Looking initially at   9 
the static MST for the entire 1999-2006 period (Figure 1), we can see that the older EU 
members  form  the  central  linkages,  with  accession  countries  taking  positions  on  the 
periphery. Interestingly, France, rather than Germany, occupies the position of the “core” 
market in this system, in that it has the largest number of linkages to other markets; it has 
seven links, compared to three for Germany. The key position of France has also been 
observed in a broader context of equity markets in Coelho et al. (2007), which applied an 
MST  analysis  to  53  equity  markets  worldwide.  Denmark,  Sweden,  and  the  United 
Kingdom  have  not  joined  the  EMU  and  consequently  have  not  adopted  the  common 
currency, with the associated currency risk reduction. Nor have they taken the required 
harmonization steps of the other EMU members. Nevertheless, particularly in the case of 
the UK, they continue to be closely linked to the major EMU equity markets. The CEE 
members, divided into several clusters, are joined to the trunk of the MST via Austria, 
which demonstrates the centrality of that equity market in the region. Within this group 
of countries, the Czech, Hungarian, and Polish markets form a single cluster on the MST, 
with Hungary as the principal linkage to Austria. Much of the clustering behavior of 
equity markets on the MST appears to be explainable by geographical proximity and 
historical  ties,  e.g.,  Spain  and  Portugal,  the  Netherlands  and  Belgium,  Sweden  and 
Finland, Greece and Cyprus. An exception is Ireland. Rather than being closely linked to 
the UK, it joins the MST via Germany
1.  
  When we examine the related hierarchical tree (Figure 2), we are able to observe 
the order in which the equity markets link into the core. The centrality of the French 
market is again clear; together with the Netherlands, it forms the first linkage in the tree. 
                                                 
1 This may be partly explicable by the fact that since 2003 the Irish stock exchange has in effect used the 
Xetra system of the Deutche Borse as its trading platform.    10 
Not  surprisingly,  the  German  market  is  the  next  to  join,  reflecting  the  continued 
importance of its large equity market. Differences in the stages at which the new EU 
members link into the system also become apparent in the structure of the hierarchical 
tree.  We  note  that  the  markets  of  the  Czech  Republic,  Hungary,  and  Poland  form  a 
grouping between themselves before they link into the “older” members of the system; 
they  are  closely  followed  by  Slovenia.  The  remaining  “new’  members,  Estonia  and 
Latvia, along with Cyprus are the last to join the tree, demonstrating their comparatively 
looser ties to the other EU equity markets. Thus, the three Visegrad countries (the Czech 
Republic, Hungary, and Poland) present a somewhat distinct grouping behavior; closer 
ties with the other EU members than are observed for the remaining accession members. 
This may be due to such factors as the comparatively larger size of their economies and 
equity  markets.  This  phenomenon  has  also  been  observed  in  other  recent  research 
(Cappiello et al., 2006). 
  Before  proceeding  to  a  breakdown  of  the  1999-2006  into  subperiods  to  more 
closely study the evolution of the market linkages, we took a closer look at the position of 
France  in  this  system  of  equity  markets.  This  was  prompted  by  the  frequently  made 
assumption that Germany, due to its economic power, is the key, or benchmark, country 
in the EU and in the Eurozone. Using weekly equity market returns for the fourteen “old” 
EU members for the years 1996-1998, we constructed both an MST and a hierarchical 
tree (Figures 3 and 4); data quality and availability precluded including all 21 countries 
for  this  earlier  period.  For  this  earlier  period  we  do  observe  that  Germany  is  indeed 
central to the structure of the MST, as it has the largest number of linkages (five) with 
other markets. The differences in these results points to a relative decline in the centrality   11 
of the German equity market as compared to that of France in terms of close linkages 
with other EU markets.  
We next examine the evolution of linkages between the equity markets of the 21 
EU members under study by breaking the 1999-2006 period down into three segments of 
fairly similar size, based on significant events in EU history. The initial period, January 1, 
1999, to January 1, 2002, ends with the introduction of the euro as the currency in twelve 
of the EU countries. The second period continues to May 1, 2004, the date of accession 
of ten new members, while the third runs to December 31, 2006.  
Starting  with  the  1999-2001  period  (Fig.  5),  France  (with  seven  linkages) 
displaces Germany as the basis of the MST and continues thereafter in the central role. 
For the 2002-May 2004 period the MST shows France with eight linkages (Figure 7) and 
for  May  2004-2006  France  has  seven  linkages  (Figure  9).  Germany  does,  however, 
remain closely linked into the tree via the French market. The centrality of France to the 
system  of  EU  equity  market  comovements,  along  with  its  link  to  Germany,  is  also 
presented  in  the  three  sequential  related  hierarchical  trees  (Figs.  6,  8,  and  10).  The 
Franco-Germany linkage initiates the tree for 1999-2001 (Figure 6) and for May 2004-
2006 (Figure 10), with the Netherlands replacing Germany in the 2002-April 2004 period 
(Figure  8).  There  is  a  consistent  group  of  markets  with  high  comovements  with  the 
French  market.  Belgium,  Germany  Italy,  the  Netherlands,  and  Spain  are  all  EMU 
members and share close geographical and historical ties with France. Also in this group, 
however, are Sweden and the UK, both nonmembers of the EMU. There is no evidence 
over the three subperiods of a change in the relative comovements of the three non-EMU 
members’ equity markets with the other markets.   12 
With respect to the evolution of the linkages of the accession countries with the 
other markets in the EU system, it can be seen from the MST for 1999-2002 (Figure 5) 
that the seven markets under study were initially divided into several clusters. However, 
over  the  two  subsequent  periods  (see  Figures  7  and  9)  they  become  increasingly 
organized into a single cluster , achieving this single cluster as of the May 2004-2006 
period. This excludes however Cyprus, which remains linked directly to Greece over all 
subperiods. Austria gradually assumes the position of the head of this cluster, linking the 
CEE markets into the “old” EU member markets. Once again, when we examine the 
hierarchical trees associated with the three subperiods (Figures 6, 8, and 10, respectively), 
we find that the differences in behavior between the three Visegrad countries and the 
other CEE accession countries are very apparent. In the first and third subperiods the 
Czech, Hungarian, and Polish markets link into the hierarchical tree ahead of Estonia, 
Latvia, and Slovenia, as well as Cyprus. These latter countries are, with one exception, 
the last to join the hierarchical tree. Only in the second subperiod, 2002-May 2004, does 
Slovenia  join  the  tree  ahead  of  the  Visegrad  countries.  Progress  toward  EMU 
membership does not fully explain these results. Estonia and Latvia have joined ERMII; 
however Slovenia adopted the euro as of January 1, 2007, just after the end of the period 
under study and the market anticipation of this may well explain its leapfrogging of its 
traditional cluster neighbours. The Visegrad countries remain further from the goal of 
euro adoption; thus, other factors, such as geography and historical ties, evidently play an 
important role in equity market comovements. We note also that the Visegrad markets 
join the tree ahead of several “old” EU members: for the 1999-2001 period they precede   13 
Greece  and  Austria,  and  for  the  May  2004-2006  period  they  precede  Greece  and 
Portugal.  
  Over  the  entire  period  under  study  an  additional  set  of  “old”  EU  members  is 
closely linked to the central node represented by France.  These include: the Netherlands, 
Belgium, the UK, Italy, and Spain. The remaining seven “old” members consistently join 
the  hierarchical  tree  at  somewhat  greater  distances  from  this  core  grouping.  Possible 
factors influencing this persistent pattern in comovements may include different levels of 
integration of financial markets, greater geographical distance, and, in some cases, lower 
levels of development. Interestingly, the relative positions of Denmark, Sweden, and the 
UK in the hierarchical trees, all of which have chosen not to adopt the euro, do not 
indicate a growing distance from the central node over the period following the 1999 
introduction of the common currency.   
  With  respect  to  the  markets  of  the  seven  accession  countries  under  study, 
changing patters patterns emerge over time. Not surprisingly, these countries are typically 
found on the outer branches of the MST, a placement also reflected in the ordering in 
which they join the hierarchical tree. In the MSTs for the pre-accession periods (Figs. 5 
and 7) there is little evidence of a single cluster; rather, their dominant linkages are to a 
variety of EU countries. However, in the post-accession period (Fig. 9) we see that all six 
CEE countries form a single cluster on the MST, linking into the older EU members via 
Austria. This pattern may reflect an impact of similar policy adjustments required for 
accession on financial markets, increasing their degree of financial integration, as well as 
the importance of the  Austrian market in the  CEE region.  In particular, the Austrian 
exchange  has  emerged  as  an  important  source  of  debt  and  equity  funds  for  these   14 
countries. The remaining accession country, Cyprus, links directly to Greece, which is 
likely  due  to  a  greater  influence  of  geographical,  economic,  and  political  ties. 
Examination of the associated hierarchical trees (Figures 6, 8, 10) reveals that the CEE 
grouping on the MSTs can be broken down into several distinct phases.  Throughout both 
the pre- and post-May 2004 periods three CEE markets, those of the Czech Republic, 
Hungary,  and  Poland,  exhibit  a  tendency  to  form  a  group  and  link  together  into  the 
hierarchical  tree  much  earlier  than  the  other  three  CEE  markets.    They  also  move 
relatively closer to the central linkage and in the post-accession period join the tree ahead 
of several of the “old” EU members and Eurozone countries, Portugal and Greece. In 
contrast,  the  three  other  CEE  countries  (Estonia,  Latvia,  and  Slovenia),  along  with 
Cyprus, have weaker linkages into the system, consistently being the last countries to join 
the hierarchical tree throughout the 1999-2006 period. The breakdown of comovements 
of these six CEE accession countries into two distinct groupings has also been observed 
in Cappiello et al. (2006), using a different methodology. 
  Examination  of  the  means  and  dispersions  of  the  correlations  and  distances 
between  the  equity  markets  provides  some  additional  information  concerning  the 
evolution of their comovements. Figures 11 and 12 represent rolling-window graphs of 
the first two moments of the mean correlations and of the distances d
<
ij, respectively, 
where  the  window  length  is  52  weeks  and  the  window  step  length  is  4  weeks.  The 
correlation moments are calculated from the full set of N(N-1)/2 correlations for the 21 
markets,  whole  the  distance  measure  moments  are  calculated  from  the  N-1  most 
important linkages. The mean distances are strongly negatively correlated (-0.967) with   15 
the  mean  correlations.  This  underlines  the  ability  of  the  MST  as  a  strongly  reduced 
representation of the entire correlation matrix to convey relevant market information.  
  There is a strong overall upward tendency in the mean correlations for the eight-
year period as a whole and a corresponding downward movement in mean distances for 
the MST. The main break in this pattern occurs during the second half of 2003, when 
correlations fall steeply and distances rise. By early 2004 a marked reversal begins and 
correlations and distances return to previous levels by mid 2004. One other fairly abrupt 
shift in the overall pattern appears in May-June 2006, with a sharp jump in correlations 
and  fall  in  distances.  Standard  deviations  for  both  correlations  and  distances  showed 
some tendency to increase through the end of 2003 but reversed this trend subsequently. 
  The  MST  methodology  does  not  allow  us  to  determine  the  reasons  for  the 
changing extent of comovements of the equity markets over this period. However, we 
may  infer  that  several  forces  are  involved.  The  processes  of  economic  and  financial 
integration for EMU members and the adjustments required in moving towards same for 
the accession members are likely important factors underlying the overall strong trend 
toward closer equity market comovements which we observe for the period. Additional 
factors, such as increased synchronization of business cycles (see for example Furceri 
and Karras, 2006 , or Fidrmuc  and Korhonen 2006) , would also account for some of the 
shorter-term  behavior  that  can  be  observed.  Thus,  the  initial  period  of  decrease  of 
distances between markets (Figure 12) occurred during the 1999-2002 switch to the euro 
for the EMU member states. However, in addition, the market downturn that followed the 
expansive period of the 1990s was very broad, affecting most markets strongly. During 
periods  of  market  downturn  correlations  (and  volatility)  are  generally  observed  to   16 
increase,  which  would  have  reinforced  increasing  comovements  resulting  from  the 
integration process. The sharp reverse in the overall trend in the second half of 2003 can 
be explained by the fact that European equity markets recovered at very different times 
and to different degrees; several of the CEE markets, such as those of the Czech Republic 
and  Hungary,  recovered  relatively  early,  while  others,  such  as  the  German  market, 
lagged.  The  resumption  of  a  pattern  of  increased  comovements,  beginning  around 
February 2004, may be explained not only by a broadening market recovery but also by 
the  imminent  absorption  of  the  accession  countries  into  the  EU.  Finally,  the  sharp 
increase  in  comovements  in  May-June  2006  can  be  associated  with  the  downturn  in 
global equity markets that arose after surprise interest rate rises in the USA. 
 
6. Conclusions 
  The  MST  methodology  provides  a  parsimonious  way  to  examine  patterns  of 
linkages between different markets. Applied dynamically, it allows us to observe both 
consistencies and evolution in relationships between markets over time. This analysis has 
allowed us to identify the most central market in the system, initially Germany but later 
France.  A  small  group  of  about  six  EU markets,  sharing  high  levels  of  development 
and/or close geographical proximity, has consistently constituted the most tightly linked 
set of markets. The CEE accession countries as a group have organized into a pattern of 
linkage to the older EU markets via Austria post-May 2004. Within that structure they 
have also been shown to exhibit a persistent tendency to break down into two groupings; 
the  markets  of  the  Czech  Republic,  Hungary,  and  Poland  have  a  higher  level  of 
comovement with other EU members, while Estonia, Latvia, and Slovenia, along with   17 
Cyprus, remain on the fringes of the system. The overall tendency of mean distances in 
the MST to decrease over time, along with decreasing dispersion, reveals an increase in 
comovements  of  these  markets.  The  implication  is  a  likely  reduction  of  country 
diversification  benefits  for  investors  in  EU  equity  markets.  Our  methodology  does, 
however,  also  indicate  those  markets  which  remain  most  loosely  linked  to  the  core 
markets;  for  the  most  part  they  exist  at  the  outer  limits  of  the  MSTs  and  are  also 
identified as the last markets to link into the hierarchical tree. Such markets present a 
potential  for  relatively  higher  diversification  benefits.  Also,  the  MST  approach  allow 
investors  to  consider  clusters  of  indices  with  similar  comovement  dynamics,  the 
implication  being  that  investing  in  one  of  the  elements  of  the  cluster  could  provide 
benefits similar to investing more widely in the cluster. As investing in one is cheaper 
than in many this also provides economic benefits.  
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Table 1 
 
Countries and Respective Symbol 
________________________________________________________________________ 
 
  Symbol        Country 
________________________________________________________________________ 
 
 Pre- May 2004 EU Members 
 
  AUT          Austria 
  BEL          Belgium 
  DNK          Denmark 
  FIN          Finland 
  FRA          France 
  DEU          Germany 
  GRC          Greece 
  IRL          Ireland 
  ITA          Italy 
  NLD          Netherlands 
  PRT          Portugal 
  ESP          Spain 
  SWE          Sweden 
  GBR          United Kingdom 
 
2004 Accession Countries 
 
  CYP          Cyprus 
  CZR          Czech Republic 
  EST          Estonia 
  HUN          Hungary 
  LVA          Latvia 
  POL          Poland 
  SVN          Slovenia   21 





Country  Mean  Std. Dev.  Skewness  Kurtosis  Jarque-Bera  Prob. 
________________________________________________________________________ 
Austria  .0033  .0264  -0.5577  4.0143  39.3993  0.0000 
Belgium  .0009  .0315  -0.2124  7.1862  306.8826  0.0000 
Cyprus  .0023  .0547  2.1833  119.737  5183.7120  0.0000 
Czech Republic  .0052  .0353  -0.3512  4.1673  32,1673  0.0000 
Denmark  .0025  .0265  -0.5702  5.3126  115.2431  0.0000 
Estonia  .0067  .0325  0.2597  3.8067  15.9532  0.0000 
Finland  .0025  .0554  -0.2038  5.5995  120.0091  0.0000 
France  .0015  .0308  -0.1083  5.8764  144.2242  0.0000 
Germany  .0010  .0347  -0.2733  5.0961  81.3330  0.0000 
Greece  .0015  .0383  0.3259  4.2894  28.8927  0.0000 
Hungary  .0040  .0377  -0.5018  4.4856  55.7094  0.0000 
Ireland  .0009  .0295  -0.4297  4.4004  56.7923  0.0000 
Italy  .0009  .0274  -0.5346  4.4931  58.4566  0.0000 
Latvia  .0067  .0523  0.5010  23.0661  6996.6530  0.0000 
Netherlands  .0007  .0311  -0.4505  7.3480  341.7613  0.0000 
Poland  .0036  .0384  -0.0618  4.3324  31.0375  0.0000 
Portugal  .0005  .0268  -0.2689  4.2441  31.8067  0.0000 
Slovenia  .0043  .0277  0.2916  4.1915  30.5017  0.0000 
Spain  .0016  .0 308  -0.4988  4.3570  49.1678  0.0000 
Sweden  .0027  .0417  -0.2677  5.3947  104.3673  0.0000 
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Fig. 1. Minimum spanning tree for 1999 through 2006 for 14 “old”European Union 
country  equity  markets,  plus  7  accession  members.  The  centrality  of 
France, which has the largest number of other markets linking directly to 
it, is apparent. 
 





















































































Fig. 2. Hierarchical tree of 14 “old”EU equity markets, 1999 through 2006, plus 7 
accession  membersconstructed  from  the  subdominant  ultrametric  space 
associated with the MST. Each vertical line refers to an index; the height of 
the  horizontal  line  indicates  the  ultrametric  distance  at  which  an  equity 
market joins the tree.  
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Fig.  3.  Minimum  spanning  tree  for  1996  through  1998  for  14  European  Union 
country equity markets. The centrality of Germany, which has the largest 
number of other markets linking directly to it, is apparent. 
































































Fig. 4. Hierarchical tree of 14 EU equity markets, 1996 through 1998, constructed 
from  the  subdominant  ultrametric  space  associated  with  the  MST.  Each 
vertical line refers to an index; the height of the horizontal line indicates the 
ultrametric distance at which an equity market joins the tree.  
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Fig.  5.  Minimum  spanning  tree  for  1999  through  2001  for  14  European  Union 
country equity markets, plus 7 candidates for accession to the EU. The 14 
members  are  coded  with  black  circles  and  the  7  candidates  with  white 
squares. France, with the most direct linkages, is now the central market in 






















































































Fig.  6.  Hierarchical  tree  of  14  EU  equity  markets,  plus  7  candidate  countries’ 
markets, 1999 through 2001.  France, together with Germany, now forms the basis 
of this hierarchical tree. 
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Fig. 7. Minimum spanning tree for 2002 through April 2004 for 14 European Union 
country equity markets, plus 7 candidates for accession to the EU. The 14 
members  are  coded  with  black  circles  and  the  7  candidates  with  white 
squares.  France,  with  an  increasing  number  of  direct  linkages  to  other 





















































































Fig.  8.  Hierarchical  tree  of  14  EU  equity  markets,  plus  7  candidate  countries’ 
markets, 2002 through April 2004. The Netherlands replaces Germany in a 
linkage with France to now form the base of this hierarchical tree. 
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Fig. 9. Minimum spanning tree for May 2004 through 2006 for 14 European Union 
country equity markets, plus 7 accession countries. The 14 members are 
coded with black circles and the 7 accession countries with white squares. 
France  continues  to  have  the  largest  number  of  direct  linkages.  All 
accession  countries  except  Cyprus  (which  links  with  Greece)  have  now 





















































































Fig.  10.  Hierarchical  tree  of  14  EU  equity  markets,  plus  7  candidate  countries’ 
markets, May 2004 through 2006. France and Germany once again form the 















































































































































































































































































































































































































































































































































































































































































































Fig. 12. Mean and standard deviation of normalized tree lengths (distances) of 21 EU equity markets as a function of time. The 
rolling window length is 52 weeks, with a window step length of 4 weeks. The results are plotted according to the end 
date of the window. 
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